ABSTRACT -This work was done at a gold mine company in Paracatu, MG, Brazil, and was conducted from March 2000 to November 2005. The substrate (spoil) studied was a phillite rock which contains sulfides such as pyrite and arsenopyrite. This study aimed to evaluate the survival and growth of plant species on different combinations of substrate layers over the spoil. These layers were a cover layer and a sealing layer, both deposited over the spoil. The treatment 1 had saprolite (B1) in the sealing layer (SL) and B1 with liming (B1L) in the cover layer (CL). The treatment 2 had B1 in SL and B1L + soil with liming (SoL) in the CL. The treatment 3 had B1 + SoL in the SL and B1L in the CL. The treatment 4 had B1 + SoL in the SL and B1L + SoL in the CL. The plant species used were Acacia farnesiana, A. holosericea, A. polyphylla, Albizia lebbeck, Clitoria fairchildiana, Flemingia sp., Mimosa artemisiana, M. bimucronata e Enterolobium contortisiliquum. Forty and 57 months after planting, collardiameter, height, and living plants were evaluated. The greatest survival rate was oobservedintreatmentwith B horizon of an Oxisoil in both layers, with 80 %. In general, M. bimucronata and A. farnesiana species showed the highest survival rate. The arsenic-content by Mehlich 3 in the cover layer ranged from 0.00 to 14.69 mg dm -3 among treatments. The experimental results suggest that layers combinations above the sulfide substrate allow the rapid revegetation of the spoil.
CAMADAS DE COBERTURA PARA O CRESCIMENTO DE ÁRVORES E ARBUSTOS SOBRE UM SUBSTRATO SULFETADO DE MINERAÇÃO DE OURO

INTRODUCTION
The recovery of areas degraded by mining usually involves the restoration of vegetation, but this process is rarely monitored in an appropriate manner (ALMEIDA et al., 2005) .
There are many parameters that can be used as indicators of the recovery process, but the great challenge is to develop or adapt valid criteria to monitor and evaluate the functionality of the area, as well as discriminating indicators that provide the desired information with accuracy and acceptable cost. Specific indicators must be developed for each individual situation and environment, as it is difficult to develop universal indicators (RODRIGUES; GANDOLFI, 2001).
Reforestation efforts may be further complicated by the presence of sulfides in mineral rocks, which can lead to the formation of acid mine drainage and the consequent release of heavy metals and metalloids into the environment (DIAS et al., 1999; MELLO et al., 2003) . This includes arsenic (As), which is currently considered the most hazardous substance to human health (ATSDR, 2008) .
There is a world tendency in to use cover layers over sulfide substrates of mining activities, allowing the reforestation (SUNDBLAD, 2003; SAGHAFI, 2010) . Sealing layer is use to reduce water infiltration and consequently to minimize the substrate oxidation and, over sealing layer, a cover layer with better conditions for the reforestation was suggested by Dias et al. (2008) .
Experimental results in the controller environment using sulfide substrate of gold mining, from Paracatu, MG, showed the necessity to use these layers to decrease the mobilization of elements solubilized by the oxidation of the substrate. Furthermore, it was tested the use an additional layer with chemical treatments, called geochemical barrier, showed the best results to decrease As, Fe and S mobilization (ASSIS, 2006) . However, these additional treatments have not been tested in field condictions, it might contribute to advance of reforestation programs of areas with sulfide substrate.
Beside the favorable effects of the cover layers to allow the establishment and growth of plants (DIAS et al., 1999) , trials to select more number of species with potential to reforestation sulfide substrates, it is also very important to guarantee the sustainability of these areas. Thus, this study aimed to evaluate the survival and growth of plant species on different combinations of substrate layers over the sulfide substrate remaining mining (spoil).
MATERIAL AND METHODS
The field experiment was carried out at a gold mine located in Paracatu, in the State of Minas Gerais, Brazil. It was assembled in March 2000 and dismantled in November 2005. Four lanes, five meters wide and twenty meters long, were built and divided into three parts, constituting three replications. These tracks were made of different materials and arranged above the somewhat weathered sulfide substrate, constituting the four tested treatments (Figure 1 For the construction of the sealant layer, the materials were disposed in the area and compacted using a mechanical compactor to maximum compression.
Each experimental plot received the planting of nine species of leguminous tree or shrub (a spacing of 1.0 x 1.0 m.). The planting was carried out as a sequence Statistical analysis was performed to verify, in the variance analysis, the homogeneity of variances for the different treatments under study. The degrees of freedom for treatments were deployed in orthogonal contrasts + additional contrasts, not necessarily orthogonal with all other contrasts (ALVAREZ V.; ALVAREZ, 2006) .
To analyze the effect of treatments on the growth of the species, statistical analysis of contrasts for the two assessments made was used, with no orthogonality between them. For both assessments, the average values of the collar diameter (CD) and plantheight (H) of all species were taken. In the second evaluation, as the treatment one showed a 100 % mortality, it was possible to establish only two contrasts.
The evaluation the growth of species was made firstly by the general average of the species, comparing the effects of treatments and after by general average of the treatments, comparing the effects of species. For evaluation of the species, they were grouped by the Scott -Knott test of 5 % probability. in the average of all treatments, were observed in the Flemingia sp. and Clitoria fairchildiana species, with 15 and 50%, respectively.
RESULTS
In
In the second evaluation in January 2005, no plants were observed to survive in treatment 1. The survival percentage of the species for treatments 2, 3 and 4 were higher (Table 1 ). The lowest survival percentage, in the average of all treatments, were the same for species, but the Mimosa bimucronata and Acacia farnesiana species stood out with the highest survival rates. In these treatments the soil was present in any of the layers.
Treatment 4 provided greater growth of the species used ( Table 2 ). The average values of CD were equal to 33.94 mm in the first evaluation and 38.40 mm in the second evaluation. This represents a CD average growth rate of 3.14 mm yr -1 . The average plant height was 167.67 cm in the first evaluation and 208.31 cm in the second, representing annual growth rate of 28.69 cm. However, there was great growth differentiation among the species tested.
According to the test group Scott -Knott, A. holosericea stands, with higher CD and plant height values in both evaluations. The species A. polyphylla and A. lebbeck showed the lowest growth among the species tested.
on the surface of this treatment, with the highest observed levels of available arsenic (Mehlich 3), averaging 14.69 mg kg -1 , so no plants survived in this treatment. The average levels of available arsenic in the cover layer samples of treatments two, three and four were 0.0, 10.41 and 0.00 mg kg -1 , respectively; however the presence of salt crusts was not observed on the surface of treatment three. Thus, the salt formation (high electrical conductivity) was probably not the only cause for the death of all individuals in treatment one.
First evaluation (40 months after planting)
According to the C 1 contrast (Table 3) , there was greater growth of plants, regardless of species, in treatment two compared with treatment one. The CD was, on average, 7.10 mm higher (p <0.05) and the median plant height was 34.6 cm higher (p <0.1). There was, therefore, a positive effect of soil + liming, providing better conditions for the growth of plants of different species.
The positive effect of the soil can also be observed in the sealing layer, where their presence has provided greater growth of plants, regardless of the cover layer. When compacted soil + liming were used together with the B1 substrate in the sealing layer (contrast C 2 ), the CD was on average 3.72 mm higher (p <0.1) and the plant height was 41.62 cm higher (p <0.01). According to the C 3 contrast, even the cover layer is composed only with B1 + lime, the presence of compacted soil + liming in the sealing layer provided better conditions for plant growth, once CD was, on average, 5.40 mm higher (p <0.1) and the height was 46.87 cm higher (p <0.05).
When compacted soil + liming were used together with the B1 substrate in the sealing layer and compared to its presence or not in the cover layer (C 4 contrast), there was no significant difference between treatments for CD and plant height. This suggests that the combination of materials in the sealant layer was more effective for plant establishment compared to the material used in the same layer of the treatments one and two. When soil + liming was present in the cover layer and the presence of compacted soil + liming in the sealing layer was varied, there was no significant difference between treatments for CD, but the average plant height was 36.37 cm (p <0 , 1) higher when the soil was present in the sealing layer (C 5 contrast). 
DISCUSSION
Treatment one consisted of B1 as both the sealing and cover layer, with lime in the first layer and compaction the second. The formation of salt crusts was noted Regardless of the combination used in the sealing layer, the presence of soil + liming in the cover layer, compared with the use of the B1 substrate + liming only (C 6 contrast), provided greater growth of plants. The relatively minor differences observed confirm the greater importance of soil in the sealing layer than the cover layer.
Second evaluation (at 57 months after planting)
In this evaluation, no plants in treatment one survived, andonly the effect of the compacted soil with liming in the sealing layer could be observed by the contrasts. Considering the others treatments, the presence of soil in the sealing layer gave significant biomass increase; the average CD was 11.25 mm higher (p <0.05) (Table 4 ) and the plant height was 30.98 cm higher (p <0.05) in the presence of the compacted B1 substrate.
The same effect was observed in the cover layer, where there was significant biomass increase in the soil + B1 substrate + liming in the cover layer mixture when compared with the B1 substrate only. In this case, the sealing layer was composed by substrate B1 + compacted soil liming.
The presence of soil with liming in the cover layer and compacted soil with liming in the sealing layer (T4) showed the best results for plant growth, regardless of the species used. However, a more intensive effect was observed when it was present in the sealing layer, suggesting an interesting practice for reforestation of these environments.
Evaluation of Species
The species able to produce large quantities of biomass are the most interesting to start the vegetation program to create better soil conditions to the sucessional process. In this sense, Acacia holosericea stands out with the highest values of CD and plant height, forming the first group alone, by the ScottKnott test (Tables 5 and 6 ).
In both evaluations large differences on the growth were observed among species, which were divided up into five separate groups. The lower biomass production was observed in the Enterolobium contortisiliquum, Flemingia sp. and Acacia polyphylla species. Otherwise, these species could be used to improve the biological diversity of the reforestation program.
Over the study period, A. holosericea showed a CD growth rate of about 13.0 mm yr -1 . In this same period, there was no CD growth from the species with lower biomass production. Similar behavior was observed for plant height, with growth rate of 58.89 cm yr -1 to A. holosericea.
Acacia holosericea responded to the differences in treatment in both evaluations (Tables 5 and 6 ). Except for the treatment 1, the survival rate of this specie did not vary greatly under different treatments. This species is indicator to reforestation of degradation lands due its capacity to associate with diazotropic bacteria and growth in low fertility conditions (BALIEIRO, 2001) . Furthermore, this species has a great litter production and activity of soil fauna under their canopy. 
ASSIS, I.R. et. al.
Generally, the Clitoria fairchildiana, Acacia polyphylla and Enterolobium contortisiliquum species were not sensitive to the treatments, neither for growth nor for survival. The other species have shown different responses to the treatments and appear to be sensitive to changes in the substrate. Flemingia sp. specifically proved to be very sensitive.
Also, the largest growth of Acacia farnesiana and Mimosa artemisiana species was observed in treatment four (Table 1) ; growth was significantly lower in other treatments. In addition, Fernández et al. (1996) , working with Mimosa tenuiflora, showed this specie had good response to increasing of liming and fertilization. Averages followed by the same letter in the columns do not differ from each other, by the Scott-Knott test group at 5% probability.
The use of layers on sulfide material for vegetation establishment was studied by Dias et al. (1999 Dias et al. ( , 2000 . According to this author, the absence of these layers makes the process of reforestation of these areas very difficult. In its preliminary studies, the planting of crops suffer this substrate provided directly the death of all individuals.
CONCLUSION
The simple use of cover layers above the sulfide substrate has not ensured the establishment and good growth of plants tested. The addition of soil in at least one of these layers provided the greatest survival rates and the highest growth for all tested species.
Among the studied species, Acacia holosericea had the highest biomass production. In contrast, the lowest production was observed in the Enterolobium contortisiliquum, Flemingia sp. and Acacia polyphylla species. Although the Acacia holosericea had higher biomass production, it was more sensitive to different types of materials that formed the cover layers.
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